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Abstract 
This study focused on several approaches to increase 
the level of lipid degradation through the process of 
anaerobic digestion. By investigating the effect of 
reactor design coupled with the addition of trace 
elements, an increase in lipid degradation was seen. 
Further to this the use of pre-existing methods such as 
ultra-sonication (US) to activate the microbial 
community were explored and shown to be a viable 
option for further investigation. 
 
1. Introduction 

Anaerobic digestion (AD) is a sustainable biological 
wastewater treatment method. It can tackle a range of 
industrial effluents in energy positive manner. As a 
result of the abolition of EU milk quotas in 2015 the 
Irish dairy industry is expected to increase output by 
50% over the coming 5 years [1]. The lipid fraction of 
dairy wastewater is currently removed and disposed of 
either to landfill or by land-spreading. The potential 
energy gain from the anaerobic treatment of lipids is 
relatively high producing 1.425 litres biogas per gram 
of lipid compared with 0.830 l/g of protein. 

Anaerobic granular sludge reactors were used to 
treat dairy wastewater (pre-removal of lipids). The trial 
was split into two phases, phase one where reactors 
were operated without the addition of trace elements 
and phase two where trace elements were added. 

Preliminary tests on a variety of substrates showed 
that US has potential in the application of lipid 
degradation. The increase in biogas production was 
shown in substrates that are less complex than lipids  

 
2. Materials and Methods 

Three 3.8L reactors of different design were 
employed in this study: an upflow anaerobic sludge bed 
(UASB); an UASB-anaerobic filter (UASB-AF) and an 
expanded upflow sludge-bed (EGSB) to treat 
wastewater procured from a dairy processing facility 
(before lipid removal).  

They were operated at 37°C with a 72 h hydraulic 
retention time and organic loading rate (OLR) of 0.83 
kg/m3/day (Phase 1). The second phase (Phase 2) of the 
trial saw the addition of trace elements as per 2 to the 
reactors. Reactor performance was assessed by 
chemical oxygen demand (COD) and total lipid 
removal.  

Substrate degradation was compared with and 
without US by following the rate of biogas production 
using a pressure transducer.  

 

3. Results and Discussion 
The UASB-AF and EGSB were more efficient in 

removing COD than the UASB during Phase 1 of 
operation. However, none of the reactors removed 
notable levels of total lipid until trace elements were 
added (Phase 2). At which point the UASB-AF and 
EGSB out preformed the UASB removing an average 
of 20% of total lipid. These results correlated to the 
study by 3. Further investigation is proposed to outline 
the exact role of trace. 
Ultra-sonication provided an increase of 30.3% 
(glucose), 9.4% (skimmed milk powder), 35.2% 
(starch) and a 2.3% (oleate) in biogas production.  
 

 
Figures 1: Biogas (ml) produced cumulatively over time. 
Vials treated with ultra-sonicated (blue; circular) and 
non-ultra-sonicated (red; square) shown for glucose; 
skimmed milk powder; starch and oleate substrates. 
 
4. Conclusion 

The trial highlighted the positive effect that trace 
element addition can have coupled design features 
such as an anaerobic filter and recirculation. 
Furthermore the positive potential of using US as a 
technique to increase degradation has been shown 
but is to be tested further. Using this multi-pronged 
approach it is hoped the inhibition of LCFAs can be 
bypassed. 
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